透水性を有する海底起伏による波浪の変形(波の非線形現象の数理とその応用) by 間瀬, 肇
Title透水性を有する海底起伏による波浪の変形(波の非線形現象の数理とその応用)
Author(s)間瀬, 肇










(Davies and Heathershaw 1), $\mathrm{M}\mathrm{e}\mathrm{i}2),$ Kirby 3)) . Kirby $3\rangle$
$\langle$ , . ,
. , 4) , , ,
, , .
, Kirby $\mathrm{s}\rangle$ . 2
, .
, 4) , $\mathrm{K}\dot{\mathrm{u}}$by3) ,
. , , 2
, 2 $\mathrm{B}\text{ }\mathrm{g}$
.
2.
$h(\overline{x})$ , $h_{s}(\vec{x})$ , $\delta(\vec{x})$ . $h(\overline{x})$ $h_{s}(\vec{x})$
. $\delta(\overline{x})$ ,
. , -1 .
(1), (I , (1) (11)
, (1) (11) .
, ( (I1) , , , .
. .
Smith and $\mathrm{s}_{\mu\dot{\mathrm{m}}}\mathrm{k}\mathrm{s}^{5)}$ $\mathrm{K}\mathrm{i}\iota \mathrm{b}\mathrm{y}^{3)}$ , Green , 4).
(2)
$\frac{1}{g}(\tilde{\emptyset}t\mathrm{r}+g)^{2}\tilde{\psi})-\nabla_{h}\cdot(\alpha\nabla h\tilde{\psi})-k^{\wedge}’\alpha\tilde{\phi}+\frac{\cosh^{\sim}khS}{D^{2}},(1-\gamma)\nabla_{h}\cdot(ffl_{h}\tilde{\emptyset})=0$ (1)
$\alpha=\frac{1}{4kD^{2}}\{\cosh^{2}kh_{S}\sinh 2k\mathrm{t}^{1}+\frac{2kh}{\sinh 2kh})+\gamma\sinh 2kh_{s}(\mathrm{c}\mathrm{o}s\mathrm{h}2kh-1)$
$+_{\mathit{7}^{2_{\sin}}(-} \mathrm{h}^{2}kh_{s^{\mathrm{s}\mathrm{i}}}\mathrm{n}\mathrm{h}2kt1\frac{2kh}{\sinh 2kh})\}+\frac{1}{\triangleleft kD^{2}}\{\gamma\sinh 2kh(S1+\frac{2kh_{s}}{\sinh 2kh_{S}})\}$
$D=\cosh kh_{s}$ cosh $kh(1+\gamma\tanh khs^{\mathrm{t}\mathrm{a}}\mathrm{n}\mathrm{h}kh)$ (3) $\gamma=nl(\tau+iI)$ (4)
, $\tilde{\phi}$ , $\nabla_{h}$ 2 , $g$ , $t$ , $n$
, $\tau$ , $f$ , $i$ , $\omega$ $k$ , $\omega$ $k$
949 1996 220-228 220





$\nabla_{h}\cdot(\alpha\nabla_{h}\hat{\phi})+\alpha k\hat{\phi}-\frac{\cosh^{2}khS}{D^{2}}2(1-\gamma)\nabla h.(\mathrm{W}_{h}\hat{\emptyset})=0$ (7)




. , 2 ,
.
(7) , , .
, . ,
. , Kirby3) , (7) . ,
(7) $g$
$\mathrm{v}_{h}\cdot(\alpha’\nabla_{h}\hat{\emptyset})+\alpha’k\hat{\phi}-\rho 2’(1-\mathit{7})\nabla h.(\delta\nabla_{h\hat{\phi}})=0$ (8) $\alpha’=g\alpha,$ $\sqrt{}’=\frac{g\cosh^{2}kh_{S}}{D^{2}}$ (9)
. $g$ , $\alpha$’ $CC_{g}$ ( $C$ : , $C_{s}$ : ) . , $\alpha^{1}$
$\alpha,$ $\beta^{\dagger}$
$\beta,\hat{\phi}$
$\phi$ . (8) ,
$\{\alpha-\beta(1-\gamma)\delta\}\phi_{x\mathrm{r}}+\mathrm{t}\alpha X-\beta(1-\gamma)\delta_{X}\}\phi X+\alpha k\psi+(2\alpha\psi \mathcal{Y}\mathrm{I}_{\mathcal{Y}^{-}}\mu_{1}-_{\mathit{7})}(\delta\phi_{\mathcal{Y}})_{\mathcal{Y}}=0$ (10)





. 11) (12) C1O) , .











, $\phi^{+}$ $\phi^{-}$ ,
$\phi_{x}^{+}=ik\phi^{+}$ (17) $\phi_{X}^{-}=-ik\phi^{-}$ (18)
. $k$ . 2
$\phi_{x\mathrm{r}}+(k^{2}+\frac{\partial^{\wedge^{r}}}{\phi^{2}})\emptyset=0$ (19)
$\phi_{X}^{+}=i(k^{2}+\frac{\partial^{2}}{\phi^{2}}11/2=\emptyset^{+}ik(1+\frac{1}{2k^{2}}\frac{\partial^{2}}{\phi^{2}})\psi^{+}$ (20) $\phi_{X}^{-}=-i(k^{2}+\frac{\partial^{2}}{\phi^{2}})1/2\emptyset^{-}=-ik(1+^{\frac{1\partial^{2}}{2k^{2}\phi^{2}})\phi}-(21)$






$\mu^{2}$ , , .
$\mu\phi=\phi\psi+^{\frac{\sqrt}{\alpha}}(1-\gamma)\phi+\frac{1}{k^{2}\alpha}(\alpha\emptyset_{\mathcal{Y}})\mathcal{Y}-\frac{\sqrt(1-\gamma)}{k^{2}\alpha}(\delta\phi_{\mathcal{Y}})\mathcal{Y}]^{\overline{2}}$
$=k[ \{1+\frac{\sqrt}{2\alpha}(1-\gamma)\delta\}\psi+\frac{1}{2k^{2}\alpha}(\alpha\psi_{y})_{y}-\frac{\beta(1-\gamma)}{2k^{2}\alpha}(\emptyset \mathcal{Y})\mathcal{Y}]+\mathrm{O}(k\delta)2$ (23)
$\phi$
$\phi^{+}$ $\phi^{-}$ , .
$\phi=\emptyset^{+}+\emptyset^{-}$ (24)
, $\phi^{+}$ $\phi^{-}$ $x$ , .
$\phi_{X}^{+}=i\mu\phi+F(+\emptyset^{+},$ $\emptyset-)$ $(^{\underline{\gamma}}5)$ $\phi_{x^{=}}^{-}-i\mu\emptyset--F(\psi\emptyset^{-}+,)$ (26)
, $F(\emptyset^{+},$ $\phi^{-})$ , $\mu$ . (24) , (25)
(26)




. $\phi_{\pi}$, $\phi_{x}$ $\phi$ (28), (27) (24) ,
$F( \phi^{+},\emptyset^{-)=}-\frac{(\mu v)_{x}}{2\mu v}(\phi-+\phi^{-})$ (30)
. $\mu v$ (11) $v$ $\mu$ , (3)
$\mu v=k[\{1+^{\frac{\sqrt}{2\alpha}}(1-\gamma)\delta\}v+\frac{1}{2k^{2}\alpha}(\alpha v_{y})\mathcal{Y}^{-}\frac{\sqrt(1-_{\mathit{7})}}{2k^{\gamma}\wedge\alpha}(\delta v)\mathcal{Y}\mathcal{Y}]=k\{\alpha-\frac{\sqrt}{2}(1-_{\mathit{7})\delta}\}+\alpha k\delta)^{2}$ (31)
.
$( \mu v)_{X}=(k\alpha)_{X^{-}}\frac{1}{2}\{k\beta(1-\mathit{7})\delta\}_{x}$ (32)
. (31) (32) ,
$\frac{(\mu v)_{x}}{2\mu_{\mathcal{V}}}=\frac{(k\alpha)_{X^{-}}\frac{1}{\circ\sim}\{k\sqrt(1-\gamma)\delta\}_{x}}{2k\alpha \mathrm{f}^{1}-\frac{\sqrt}{2\alpha}(1-\mathit{7})\delta\}}=\frac{(k\alpha)_{x}}{2k\alpha}-\frac{\sqrt(1-\gamma)}{4\alpha}\delta_{X^{+}}O(k\delta)\underline’$ (33)
. (B), (30) (33) , (25) (26) ,
$\phi_{X}^{+}=ik[\{1+\frac{\sqrt}{2\alpha}(\iota-\mathit{7})\delta\}\phi^{+}+\frac{1}{2k^{2}\alpha}(\alpha\psi_{\mathrm{v}},)+-\frac{\sqrt}{2k’\sim\alpha},(1-\gamma\int\varpi_{\mathcal{Y}}^{+}\mathcal{Y})y]$
$- \{\frac{(k\alpha)_{x}}{2k\alpha}-\frac{\beta}{4\alpha}(1-7)\delta\# x\phi^{+}-\phi^{-})$ (34)
$=-ik[ \{1+\frac{\sqrt}{2\alpha}(\iota-\gamma)\delta\}\phi^{-}+\frac{1}{2k^{2}\alpha}(\alpha\psi_{\mathrm{V}},-)\mathcal{Y}-\frac{\beta}{2k^{\wedge}\alpha\prime},(1-\gamma)(\mathrm{g}_{y)_{y}}-]$




$\phi^{+}=-^{\underline{ig}}Aeik_{0}x$ (36) $\phi^{-}=-Be^{-i}\underline{ig}k0x$ (37)
$A$ $B$ . . (36) (37) (34)
, .
$A_{X}+[ik_{0}-ik \{1+\frac{\sqrt(1-\gamma)\delta}{2\alpha}\}+,\frac{(k\alpha)_{x}}{\prime\wedge k\alpha}-\frac{\sqrt(1-\gamma)\delta X}{4\alpha}]A$
$- \frac{i}{2k\alpha}(\alpha \mathrm{A}_{y})_{y}+\frac{i\sqrt(1-_{\mathit{7})}}{2k\alpha}(\delta 4y)_{y}=\{\frac{(k\alpha)}{2k\alpha}-\frac{\sqrt(1-\gamma)\delta X}{4\alpha}\}Be-\gamma\lrcorner.kx0$ (38)
, (36) (37) (35) , .
$B_{X}+[-ik_{0}+ik \{1+\frac{\beta(1-\gamma)\delta}{\sim\gamma\alpha}\}+\frac{(k\alpha)_{x}}{2k\alpha}-\frac{\sqrt(1-\gamma)\delta X}{4\alpha}]B$
$+ \frac{i}{\circ,\wedge k\alpha}(\alpha B_{v},\mathrm{I}_{\mathcal{Y}}-\frac{i\sqrt(1-_{\mathit{7})}}{2k\alpha}(\varpi_{\mathrm{v}},)y=\{\frac{(k\alpha)}{\circ,arrow k\alpha}-\frac{\beta(1-\gamma)\delta X}{4\alpha}\}Aepk_{0}x$ (39)
223




(38) (39) Crank-Nicolson . (39)
, $B$ , . $A$
$B$ .
1) $B=0$ , , (38) , $A$ .
2) (39) $A$ 1) $A$ , , $B$
.
3) (38) $B$ 2) $B$ $A$ . $A$ (39) $B$ .








1) 500 $\mathrm{m}\cross S\mathrm{X}\mathrm{I}\mathrm{m}$ . , $x$ .
2) – , $h=8.0\mathrm{m}$ .
3) -2 (a) (b) $X$ 40 $\mathrm{m}$ .
4) . , $D$ 15 $\mathrm{m}$ 25 $\mathrm{m}$ 2
.
5) 04, 1.0 , 1.0 .
6) 1Om, 8 $\mathrm{S},$ $10s$ 12 $\mathrm{s}$ 3 .
7) $x$ 1 $\mathrm{m}$ , $4\mathrm{m},$ $y$ $5\mathrm{m}$
.
8) . , (38) (39)
.
(31
10 $s$ , 2: 1 , $-$
. , 10 $\mathrm{s}$ .
-3 , 25 $\mathrm{m}$ , (a)
$|A|$ , (b) $|B|$ , (C) $|\eta=|Ae^{ik_{0}x-}+Be0ikX|$ . -3 (a)
, , . -3 (b) ,
. -3 (C) , 2
.
-4 , $y^{=2\Re}\mathrm{m}$ $y=3\Re_{\mathrm{m}}$ . ,
-4 (C) $y=2\mathrm{f}\mathrm{l}$ ) $\mathrm{m}$ , . $y=3\mathfrak{X}\mathrm{m}$
, , .
, -4 (b) , $y=2\mathfrak{X}\mathrm{m}$ 0.$5\mathrm{m},$ $\mathcal{Y}^{=350\mathrm{m}}$ 0. $14\mathrm{m}$ .
2 , Bragg , 2
. , 2 $\mathrm{B}\text{ }\mathrm{g}$
.
224
-5 , 2.$5\mathrm{m}$ , (a) , $(^{-}\mathrm{b})$
$y=\mathfrak{B}\mathrm{o}\mathrm{m}$ $y=3s0\mathrm{m}$ . -3 (c) -4 (c) ,
, .
-6 , 2. $5\mathrm{m}$ . -6 (a) -3 (c)
, $y$ ,
. -6 (b) , -4 (c) ,
. .
-7 , 25 $\mathrm{m}$ $y=250\mathrm{m}$ $\mathcal{Y}^{=350_{\mathrm{m}}}$
. -6 , \langle
, .
.
-8 , -4 (c) -5 (b) $y=\mathfrak{B}0\mathrm{m}$ ,
$1\mathrm{m}$ . ,
. (a) , ,
, \rightarrow ‘‘‘-- , .
, ,
. ,
. (b) , , . (c)
, , \langle ,
. ,
.
-5 (b) -7 (b) $y^{=2}50\mathrm{m}$ ,














. , 2 .
1) Davies, $\mathrm{A}.\mathrm{G}$. and $\mathrm{A}.\mathrm{D}$ . Heathershaw.: Surface wave propagation over sinusoidally varying topography, Jour. Fluid Mech.,
Vol.144, pp.419443, 1984.
2) Mei, $\mathrm{C}.\mathrm{C}.$ : Resonant reflection of surface waves by periodic sand-bars, Jour. Fluid Mech., Vol.152, pp.315335, 1985.
3) Kirby, $\mathrm{J}.\mathrm{T}.$ : A general wave equation for waves over rippled beds, Jour. Fluid Mech., Vol.162, pp. 171186, 1986.
4) : Bragg , , No 485, II-
26, pp.95-102, 1994.




$\wedge\vee \mathrm{E}>\cdot 200\mathrm{s}\mathrm{o}0$ $\mathrm{f}_{\mathrm{i}^{\backslash }}^{j_{\backslash }}:,.,\ovalbox{\tt\small REJECT}:\ovalbox{\tt\small REJECT}- \mathrm{t}$
;
$‘;^{\wedge}._{i^{\backslash }};.’..\cdot.,;\prime 0_{\mathfrak{l}}-i’;\prime\prime\prime|\ovalbox{\tt\small REJECT}^{i}i\tau\iota.\ovalbox{\tt\small REJECT} \mathrm{i}.\langle\zeta\sim\cdot-^{-}’\backslash J^{\backslash }0.\mathrm{g}<;^{-_{0.8^{-}}}\backslash -_{\underline{2}}-^{-}-----\overline{1}-$
$100$
$0$



















-4 $y=25\mathrm{o}\mathrm{m}$ $350\mathrm{m}$ 2
( -3 )
(b) 2
-6
227
(a)
.. $\cdot$ (a)
(b)
(b) 2
-7
(c)
-8 ( )
228
